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Background
To evaluate the prognostic impact of surgical intervention for initiallyunresectable pancreatic ductal adenocarcinomas with long-term favorable responses to chemotherapy.
Method
Twelve patients with initially-unresectable pancreatic ductal carcinomas who underwent radical surgery after a favorable response to chemotherapy for six months or longer in principle were enrolled in this study. We retrospectively reviewed the charts of these 12 patients and performed a survival analysis.
Results
Initially, the included patients were unable to undergo resection secondary to locally-advanced diseases in eight patients and metastatic disease in four patients. The length of preoperative therapy was five to 44 months (median 12).
The operative procedure included resection of the area initially involved by tumor and regional major vessels. The postoperative mortality and morbidity rates were 0% and 50%, respectively. R0 resection was achieved in nine patients (75%) and pathological CR was seen in one patient. Estimated overall five-year survival from initial therapy was 50.0%. The survival rate (0% at 5 years) of the four patients with metastatic disease as the cause of initial unresectability was significantly worse than that (100% at 5 years) of the eight patients with locally-advanced disease ( p=0.0014).
Conclusion
Introduction
Pancreatic ductal carcinoma has one of the poorest prognoses of all digestive organ cancers. The prognosis of patients with unresectable disease is significantly worse than that of patients with resectable tumors [1] . Gemcitabine (GEM) is a key drug in the current treatment of unresectable pancreatic carcinoma [2] . Since the introduction of GEM, however, rare long-term favorable responses to chemotherapy have been achieved in unresectable cases [3] . The survival of such patients remains only two to three years; survival greater than four years has been practically impossible [1, 4] . To improve the prognosis of unresectable pancreatic carcinoma, a novel therapeutic strategy is needed. As long-term survival can only be achieved by radical resection [5, 6] , surgical interventions in initially-unresectable patients who demonstrate long-term responses to chemotherapy may be effective. As yet, such approaches have not been reported. Recently, we performed radical surgery for initiallyunresectable cases of pancreatic cancer, which had responded well to chemotherapy without original intent to proceed to resection. This study sought to evaluate the prognostic impact of "adjuvant surgery" for initially-unresectable pancreatic ductal adenocarcinoma in patients demonstrating long-term favorable responses to chemotherapy.
Methods
Patients included
Between January 2007 and April 2010, a total of 112 patients with pancreatic ductal carcinoma underwent radical surgery; 12 of these patients were initially unresectable, becoming resectable as a result of chemotherapy initially administered without intent to resect. Patients who underwent treatment with neoadjuvant chemotherapy with the intention of proceeding to resection were omitted from this study. Tumor histology was confirmed in all patients from the resected specimens or preoperative biopsies (another patient who experienced a complete response (CR) [7] was excluded from this study because of a lack of confirmatory pathology). Tumors were deemed unresectable when distant metastasis, such as hepatic metastasis or paraaortic lymph node metastasis, were identified, when there was involvement of the major arteries, such as the superior mesenteric, common hepatic, or celiac arteries, or when portal vein thrombosis with tumor thrombus was identified.
After chemotherapy, we confirmed the absence of major vessel involvement or the disappearance or the progression-free of distant metastasis by imaging and intraoperative findings, then performed the radical operation six months or longer in principle after beginning the initial treatment. The operative procedure included resection of the area initially involved by tumor and regional major vessels. Written informed consent was obtained from all patients prior to intervention.
Assessments
Pathologic diagnosis and classification were based on the TNM classification system of the International Union Against Cancer (2009) [8] . The pathological effect of preoperative therapy was assessed by Evans's grading system [9] .
Survival analysis
The median follow-up time from initial therapy in all 12 patients was 34.7 months. Survival curves were estimated by the Kaplan−Meier method and compared using the log-rank test. P < 0.05 was considered statistically significant.
Results
Patients
The ages of the 12 patients, six men and six women, ranged from 43 to 68 years with a median of 63 years. Tumors were initially unresectable due to major artery involvement in seven patients, hepatic metastasis in three patients, paraaortic lymph node metastases in one patient, and tumor thrombus with extensive secondary portal vein thrombosis in one patient.
Preoperative therapy
Intravenous chemotherapy was administered to seven patients, transarterial chemotherapy was given to three patients, and CRT was given to two patients. The duration of preoperative treatment was five to 44 months (median 12). The chemotherapeutic regimens consisted of GEM and S-1 in seven patients, GEM and 5-Fluoruracil in three patients, and GEM alone in two patients.
Perioperative results
Five patients underwent distal pancreatectomy with en bloc celiac axis resection (DP-CAR) [10] , while four underwent subtotal stomach-preserving pancreatoduodenectomy. Two additional patients underwent distal pancreatectomy, and one patient underwent total pancreatectomy with celiac axis resection. Combined resection was performed in nine cases, portal vein in six cases, portal vein and gastroduodenal artery in one case, adrenal gland in one case, and liver in one case (liver metastasis was disappeared in other two cases and not resected). The postoperative mortality rate was 0%, with a morbidity rate of 50%. Hospital stay ranged from 12 to 45 days (median 27) ( Table 1) .
Pathological findings in surgical specimen
The tumor was primarily located in the pancreatic body in six patients, in the pancreatic head in four patients, and in the pancreatic tail in two patients.
Maximal tumor diameter was 45 mm. The pathological stages were CR in one patient, IIA in four patients, IIB in one patient, III in four patients, and IV in two patients in accordance with UICC classification. The tumor viability of resected liver specimen was Grade I by Evans's grading system. The R0 resection rate was 75% (9/12).
Postoperative chemotherapy
The chemotherapeutic regimens consisted of S-1 alone in seven patients, GEM alone in three patients, and GEM and S-1 in two patients (Table 2 ). Only two patients were able to be chemotherapy free (Patient No. 7 and 10).
Survival analysis
Estimated overall five-year survival from initial treatment was 50.0% (Fig.   1 ). The survival from the initial treatment for the four patients (0% at five years) with metastatic disease was significantly worse than that seen for the eight patients (100% at five years) with locally-advanced disease (p=0.0014) (Fig. 2a) .
The survival from the time of the operation and from the initial treatment was similar (p=0.0124) (Fig. 2b) .
Discussion
The prognosis of metastatic or locally-advanced pancreatic ductal carcinoma is extremely poor. Five-year survival is 2% or less; survival for more than five years is unlikely with standard therapies, such as chemotherapy or supportive care [1, 11] . In line with several reports suggesting that induction chemotherapy could improve outcomes [12, 13] , several studies have demonstrated that long-term survival could be achieved with chemotherapy or CRT followed by radical surgery [14] [15] [16] [17] . These reports, however, employed neoadjuvant chemotherapy with the intention of proceeding to radical surgery.
To our knowledge, this is the first report in which patients with unresectable tumors were initially treated with chemotherapy, then returned to the surgeon who were then able to perform radical surgery. To distinguish between adjuvant surgery and neoadjuvant chemotherapy, our study clearly defined entry criteria as an interval since beginning treatment greater than or equal to six months.
In this study, two of the 12 patients with initially-unresectable tumors achieved long-term survival greater than five years with the combination of chemotherapy and subsequent surgical intervention. Pathological CR was only achieved in one patient. The survival of patients with unresectable disease treated with chemo(radio)therapy alone was typically no greater than two to three years, making survival greater than four years an almost impossible goal [1 ] . Thus, surgical intervention may be the only treatment able to result in longer-term survivals, even in patients with continuing favorable long-term responses to chemotherapy.
Patients with locally-advanced disease as the initial cause of unresectability had good responses to the surgical intervention, with no deaths occurring in the study period. In contrast, patients with metastatic disease had poor responses, and all patients died due to recurrent disease. Locallyadvanced disease may be a good indication for adjuvant surgery after sustained favorable responses to chemotherapy, even in patients with initiallyunresectable disease.
In conclusion, surgical intervention should be considered for unresectable pancreatic cancers after a long-term favorable response to chemotherapy. In particular, patients with locally advanced disease as the reason for unresectability, may be able to achieve R0 resection, contribute to cure of the disease or at least a delay in disease progression. Further studies using larger cohorts and/or prospective trials will be required to confirm the conclusion of this study. SMA, supramesenteric artery; GDA, gastroduodenal artery; CA, celiac axis; CHA, common hepatic artery; T, locally-advanced; M, metastatic PALN, paraaortic lymph node; TT, tumor thrombus; PV, portal vein IV, intra venous; TA, trans arterial; CRT, chemoradiation; GEM, Gemcitabine; 5-FU, 5-Fluoruracil; SSPPD, subtotal stomach preserving pancreatoduodenectomy; DP, distal pancreatectomy; CAR, celiac axis resection; TP, total pancreatectomy; CRBSI, catheter related blood stream Infection; PF, pancreatic fistula; SSI, surgical site Infection. 
